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Acid sensing and sour taste
One of the unsolved problems in acid–base physiology is 
the mechanism by which changes in blood pH are sensed. 
Changes in extracellular pH have dramatic eff ects on many cell 
functions, especially in the brain, where these chemoreceptors 
change the respiratory drive. Recently published results 
identifi ed a molecule that could be the long-sought-aft er acid 
receptor. It turns out that it is the same receptor as that which 
recognizes sour taste in taste buds. Mammals taste only fi ve 
modalities: sweet, bitter, sour, salty, and umami (the taste of 
monosodium glutamate and ‘chicken soup’). In a recent paper, 
using a combination of informatics and functional studies, 
Huang et al. identifi ed a gene (PKD2L1), an ion channel whose 
structure is related to that of PKD2, the gene responsible for one 
of the forms of adult dominant polycystic kidney disease. Th is 
gene is expressed in unique taste receptor cells diff erent from 
those responsible for sweet, bitter, and umami taste. Th e authors 
used an ingenious strategy to kill the cells expressing PKD2L1 
by expressing diphtheria toxin in the unique taste receptor 
cells only. Th e mice no longer had any electrical activity in 
their chorda tympani nerve in response to acid pH on the 
tongue, but ample impulses were recorded when the tongue 
was exposed to sweet or bitter solutions. Remarkably, PKD2L1 
was also expressed in specifi c neurons surrounding the central 
canal of the spinal cord. Th ese neurons extended all the way 
to the beginning of the central canal in the brain stem fourth 
ventricle. Th ese PKD2L1-expressing neurons sent projections 
to the central canal and selectively triggered action potentials 
in response to small physiologically relevant decreases in 
extracellular pH. Th ese results suggest that the unique taste 
receptor cells correspond to the long-sought components of the 
cerebrospinal fl uid chemosensory system. It is not clear from 
the paper whether these cells are present in other tissues, such 
as the kidney. (Nature 2006; 442: 934–938)
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Anaphylactic shock depends on 
eNOS
Vasodilatory shock is most oft en seen in sepsis. But 
anaphylaxis, also characterized by hypotension due to 
systemic vasodilation, can occur. Anaphylaxis is an acute, 
severe, and potentially fatal systemic allergic reaction that 
usually attacks the patient in the absence of a history of allergy. 
Intravenous fl uids and parenteral adrenaline administration 
are considered the only eff ective treatment, and severe 
cardiovascular collapse during anaphylaxis is oft en resistant 
to therapy. Platelet-activating factor (PAF) is a biologically 
active phospholipid, originally named for its ability to induce 
platelet aggregation. It also stimulates a broad range of cell 
types and tissues by binding to a unique G protein-coupled 
seven-transmembrane receptor (PAF-R) and activating a 
number of signaling pathways, including those that elevate 
intracellular calcium content and activate phospholipase A2 
and phosphatidylinositol-3′-kinase (PI3K). PAF antagonists 
or PAF-R defi ciency can prevent fatal anaphylaxis in animal 
models; thus PAF is thought to be a critical factor in the 
development of anaphylactic shock. However, the downstream 
molecular pathways beyond PAF-R triggering that direct its 
shock-inducing eff ect are still enigmatic.
Nitric oxide (NO) may be endogenously produced by 
the inducible synthase (iNOS) or by the constitutively 
expressed endothelial NOS (eNOS) and neuronal NOS 
(nNOS) isoforms. While the latter are believed to produce 
low amounts of NO to execute physiological and/or anti-
infl ammatory functions, the infl ammation-associated 
expression of iNOS and the subsequent overproduction of 
NO are believed to contribute to the cardiovascular failure, 
morbidity, and mortality of septic shock. In addition, it is 
generally accepted that NO-mediated activation of soluble 
guanylate cyclase (sGC) is the key mechanism in the 
regulation of vascular tone during septic shock.
In their study, Cauwels et al. elucidated the mechanisms 
mediating anaphylactic shock in conscious mice. Surprisingly, 
they found that hyperacute PAF shock depended entirely on 
NO, produced not by iNOS, but by constitutive eNOS rapidly 
activated via the PI3K pathway. Although soluble sGC is 
generally regarded as the principal vasorelaxing mediator of 
NO, they found that this enzyme was not responsible for the 
vasodilation. Also, in two diff erent models of active systemic 
anaphylaxis, inhibition of NOS or PI3K, or eNOS defi ciency, 
provided complete protection. Th us, in contrast to the 
unsubstantiated paradigm that only excessive iNOS-derived 
NO underlies cardiovascular collapse in shock, these data 
strongly support the unexpected concept that eNOS-derived 
NO is the principal vasodilator in anaphylactic shock and 
defi ne eNOS and/or PI3K as new potential targets for treating 
anaphylaxis. (J Clin Invest 2006; 116: 2244–2251)
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PKD2L1 is expressed in neurons contacting the central canal of the spinal 
cord. cc, central canal (highlighted by yellow dots in panels a, b, d, e, and 
g); IV, intraventrical; hyp, hypothalamus. Huang et al./Nature 
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Chemokine-mediated renal 
fibrosis
Fibrosis is a hallmark of many progressive renal diseases in 
which the histological picture includes tubular atrophy and 
dilation, interstitial leukocyte infi ltration, accumulation 
of fi broblasts, and increased interstitial matrix deposition. 
Resident fi broblasts, fi broblasts derived from epithelial–
mesenchymal transition, and monocytes/macrophages 
participate in the pathogenesis of renal fi brosis, but 
much remains unknown about the process. Fibrocytes 
are a circulating bone marrow-derived population of 
fi broblast-like cells that constitute a minor fraction of the 
circulating pool of leukocytes (<1%) and share the markers 
of leukocytes (for example, cAMP-dependent (CD) 45 and 
CD34) as well as mesenchymal cells (for example, type I 
collagen (ColI) and fi bronectin). Fibrocytes, which express 
several chemokine receptors, are present in experimental 
fi brosis associated with pulmonary fi brosis and skin 
wounds, as well as in human fi brosing diseases such as 
nephrogenic fi brosing dermopathy and burns.
A recent study demonstrated chemokine-mediated 
recruitment of circulating fi brocytes to sites of fi brosis. 
Sakai et al. examined the role of the secondary lymphoid 
tissue chemokine CCL21 (a potent chemoattractant for 
T cells, B cells, and dendritic cells as well as fi brocytes) 
and its receptor CCR7 in the pathogenesis of renal fi brosis. 
Th ey induced renal fi brosis in mice by unilateral ureteral 
obstruction. Th ey found that a considerable number of 
fi brocytes infi ltrated the renal interstitium (see Figure). 
Most fi brocytes were positive for CCR7. Blockade of 
CCL21/CCR7 signaling by anti-CCL21 antibodies reduced 
renal fi brosis, which was confi rmed by a decrease in 
fi brosis in CCR7-null mice with concomitant reduction 
in renal transcripts of the pro-α1 chain of ColI and 
transforming growth factor-β1. Also, the number of F4/80-
positive macrophages and renal transcripts of monocyte 
chemoattractant protein 1 decreased aft er the blockade of 
CCL21/CCR7 signaling. Th ese fi ndings suggest that CCR7-
positive fi brocytes infi ltrate the kidney, and that CCL21/
CCR7 signaling of fi brocytes may provide therapeutic 
targets for combating progression of fi brotic renal diseases. 
(Proc Natl Acad Sci USA 2006; 103: 14098–14103)
Juan Oliver
β-arrestin2 mediates nephrin 
endocytosis and impairs slit 
diaphragm integrity
Mutations of the gene encoding nephrin cause severe congenital 
proteinuria and renal failure, but the mechanisms by which 
alterations of nephrin function infl uence proteinuria are largely 
unknown. Nephrin, which belongs to the immunoglobulin 
superfamily, is a type-1 transmembrane-spanning receptor. 
Nephrin molecules from adjacent foot processes bind to 
each other in a homophilic manner, serving as a backbone 
for the slit diaphragm. In addition to its structural role, 
nephrin functions as a signaling receptor molecule. Activated 
transmembrane receptors, which are rapidly phosphorylated, 
bind multifunctional adaptor proteins β-arrestin1 and β-
arrestin2. It has long been known that β-arrestin binding 
leads to ‘desensitization’ of signaling pathways. Recently, it has 
become apparent that β-arrestins are also important regulators 
of receptor internalization. For example, β-arrestin2 binding to 
the transforming growth factor-βIII (TGFβIII) receptor leads 
to its internalization and impairs TGFβIII-dependent signaling. 
Considering that nephrin belongs to the group of tyrosine-
phosphorylated type-1 transmembrane-spanning receptors, 
Quack et al. postulate in a new study that arrestins also interact 
with nephrin. Th ey report the novel interaction of β-arrestin2 
with the nephrin C terminus. Firstly, the phosphorylation status 
of nephrin inversely regulated the binding of β-arrestin2 and 
podocin. Also, the Src-family member Yes, known to enhance 
podocin–nephrin interaction by nephrin phosphorylation, 
diminished β-arrestin2–nephrin interaction (see Figure). 
In addition, β-arrestin2 induced nephrin endocytosis and 
attenuated nephrin signaling. Th ese fi ndings suggest that 
nephrin phosphorylation serves as a molecular switch that 
determines the integrity of the slit diaphragm by functional 
competition between β-arrestin2 and podocin. Th is study 
opens new avenues of research in the analysis of the molecular 
interplay among nephrin, its interaction partners, and its 
potential role in proteinuric diseases. (Proc Natl Acad Sci USA 
2006; 103: 14110–14115)
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Fibrocytes infiltrated the kidney after ureteral ligation. In wild-type 
mice, CD45+/ColI+ fibrocytes infiltrated the interstitium, especially the 
corticomedullary regions, after ureteral ligation. (a) CD45. (b) Merge. 
(c) Type I collagen. UUO, unilateral ureteral obstruction. Copyright (2006) 
Proceedings of the National Academy of Sciences, U.S.A.
The phosphorylation status of the nephrin Y1193 determines and reflects 
the slit diaphragm integrity. EC, extracellular; PM, plasma membrane; IC, 
intracellular. Copyright (2006) Proceedings of the National Academy of 
Sciences, U.S.A.
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